The aim of this study is to analyze a common method to measure the acceleration of a daily activity pattern by using a smartphone. In this sense, a numerical approach is proposed to transform the relative acceleration signal, recorded by a triaxial accelerometer, into an acceleration referred to an inertial reference. The integration of this acceleration allows to determine the velocity and position with respect to an inertial reference. Two different kinematic parameters are suggested to characterize the profile of the velocity during the sit-to-stand and stand-to-sit transitions for Parkinson and control subjects. The results show that a dimensionless kinematic parameter, which is linked to the time of sit-to-stand and stand-to-sit transitions, has the potential to differentiate between Parkinson and control subjects.
Introduction
Getting up from a sitting position (Si-St) or sitting down from a standing position (St-Si) is one of the most practiced daily activities [1] . In order to guarantee the proper performance during the sit-to-stand-to-sit (Si-St-Si) transition, an optimal coordination, an adequate control of balance, mobility, muscular strength, and power output are required [2] . In particular, the population with Parkinson disease (PD) [3] , and elderly adults [4] show a notable difficulty to perform these kinds of kinematic transitions. Hence, to study the Si-St and St-Si transitions, a thorough analysis in terms of kinematic methodology is necessary , in order to define a specific experimental protocol, a type of sensor, and a sensor of position. Later, the signal analysis will identify specific kinematic parameters which allow to classify movement patterns and, ultimately, to differentiate patients with PD from control subjects.
The physicians often use surveys to evaluate a kinematic movement. The surveys are based on the time measurements of daily activities [5] . For the case of patients with PD, the Hoehn and Yahr scale or the Unified Parkinson's Disease Rating Scale is commonly used to classify the severity of the patient [6] . In general, these measurements give a qualitative evaluation that cannot detect subtle kinematic differences. However, more sophisticated technologies, such as measurement force platforms [7] or optical movement detection systems [3] , make it possible to record continuously the kinematic movements and, thereby, fulfill the information of pattern movements. Although the clinical application is not widely implemented due to the complexity of these technologies. These novel technologies also require expensive and medium-large equipment to measure and analyze the kinematic data. On the contrary, the Micro-electronic mechanical systems (MEMS) development brings devices that allow to measure the motion by using the small motion sensor devices (MSD). These components are promising alternatives for evaluating and recording kinematic movements in clinical or at-home environments [8] . Recent studies show the application of MSD in kinematic motion analysis and diagnosis of patients with PD [9] and gait analysis [10] . The MSD are capable of recording most of the kinematic movements, but later, a signal analysis of these movements is carried out to reveal significant kinematic parameters. These parameters will characterize the kinematic patterns that, ultimately, allow to differentiate between groups [11] . For example, Mellado et al. [12] proved that a MSD in a smartphone was used as a low-cost integration device to evaluate the balance and the mobility of the patient. Joundi et al. [13] demonstrated that a common accelerometer of a smartphone can measure a kinematic tremor frequency. This tremor frequency has shown to be equivalent to the tremor frequency measured by electromyography. Furthermore, Wile et al. [14] utilized a smartwatch to differentiate the temblor of patients with PD from patients with essential tremor (ET). To achieve that, they calculated the signal power of the first four harmonics.
The period of time to perform the Si-St and St-Si transitions is called transition duration (TD). This period of time is considered a relevant clinical index [15] , which is obtained straightforward from the acceleration signal recorded by the accelerometer. Later, the identification of peaks and/or signal thresholds in the acceleration signal will allow to determine the TD [11, 16] . Additionally, a gyroscope is also widely used to register the angular position, which is also a valuable information for clinical purposes. For example, Weiss et al. [17] stated that the antero-posterior acceleration was used to estimate the TD in patients with PD and control subjects during the Si-St-Si test. To do that, a pattern was identified as M shape to characterize the acceleration versus time signal. Finally, the TD is delimited as the time interval between the highest peaks of the kinematic signal. However, this kinematic parameter cannot stand alone to distinguish between healthy and PD groups [11] . Nikfekr et al. [3] arranged a motion system of six cameras to capture the kinematic positions of seven retroreflective markers that were placed at the C7, T3, T6, T9, T12, L3, and sacrum of the patient's trunk. After that, the kinematic movements of the patient's trunk was recorded during a Si-St transition. The results showed that the patients with PD presented a greater flexion and angular velocity of the trunk in the sagittal plane (sp). These greater values explain why the TD decreases during the Si-St transition. Costa et al. [9] investigated the acceleration of the finger tapping and unbounded forearm movements between two points. The aim was to study the interpeak interval variability and beat decay (BD) of the auto-mutual information (AMI) value. Patients with PD and ET denoted greater values of BD-AMI than the control subjects. In addition, Farkas at al. [18] presented the acceleration signal to describe the tremor asymmetry between patients with PD and ET. A bilateral evaluation showed that some kinematic parameters, linked to the tremor frequency, allow to discriminate between PD and ET groups of patients. Salarian et al. [24] combined portable inertial sensors and an automatic analyzer to record and define several kinematic parameters of the Stand-Up and Go test. This method showed significant differences in the cadence when comparing patients with PD and control subjects. Despite that, the classic chronometer evaluation shows no significant difference. Adame et al. [19] developed a novel method called dynamic time warping to detect and evaluate the TD status of PD patients by using a gyroscope. Nevertheless, the TD measurements did not present statistical differences between the PD and control groups. Recently, Barrantes et al. [20] found several kinematic features in the accelerometry analysis of hand tremor (postural and rest positions) that distinguished first between healthy subjects and patients and, ultimately, between PD and ET patients with a 84.38% of discrimination accuracy.
The motion data recorded by a MSD and the postprocessing analysis to evaluate the kinematic parameters allow to comprehend the transition. The measurement of the TD is often the most common kinematic parameter used in the research studies with a MSD [5] . The specific features of this device allow to accurately measure the TD [12, 16] . In some cases, the TD parameter is the only measurement carried out in some studies [17, 21] , but usually, this parameter is combined with other kinematic parameters to dispose a more robust motion analysis. Following the latter approach based on several kinematic parameters in the time domain, it will be possible to differentiate patients with movements disorders [22] .
The TD parameter evaluation did not bring successful results as a clinical index, mainly due to the variability of this kinematic parameter. As this parameter will not detect subtle behaviors between PD and control subjects when performing Si-St or St-Si transitions, therefore, the present study proposes to use dimensionless kinematic parameters; in this sense, the parameters will not depend on how fast or slow the movement transitions are performed. These kinematic parameters are defined when the velocity profile is characterized during the Si-St and St-Si transitions. Finally, a statistical analysis is performed to identify which parameter has more chances to let us successfully differentiate between PD patients and control subjects.
Materials and method

Subjects
The trunk movements were measured in a group of 10 patients with PD and five control subjects. The patients with PD have an average age of 60 years old, with a range of 53 to 66 years old and seven out of 10 were women. All the patients with PD were under medical prescription. Nine out of the 10 patients present a scale III in the Hoehn and Yahr scale, which means intermediate-advanced level of PD. A total Unified Parkinson's Disease Rating Scale was of 40.1 ± 15.8, and UPDRS-motor scores of 19.1 ± 8.3 (4-31). The control subjects have an average age of 54 years old, with a range of 50 to 59 years old and three out of five were women. All control subjects were asked for their consent and were given detailed information about the study. The study was approved by the medical ethics committee of the Medical Faculty of the Universidad de Santiago de Chile (USACH).
Equipment
The acceleration measurements were recorded by using a smartphone. This device uses the MEMS technology and incorporates a triaxial piezoresistive accelerometer (LIS302DL model). This accelerometer disposes a dynamic scale between the range of ± 2 or ± 8 gravitational acceleration, which was previously selected by the user. The Seismograph application was used to record the experimental acceleration of the device in the three axes with a nominal frequency acquisition of 40 Hz.
Movement protocol
The acceleration measurement was performed by the smartphone that was placed on the lumbar vertebrae L2-L3 by using a belt. The axes of the accelerometer were defined as follows: x axis was perpendicular to the sp, z axis was perpendicular to frontal plane (fp), and y axis was perpendicular to the other two directions. In this sense, the path followed by the device corresponds to the path followed by the center of mass of the subject. The timed test of Si-St and St-Si transitions was categorized in four phases. Phase 1: the initial position of the person is sitting on a backless chair, of straight and with arms crossed on the chest. Then, the acceleration signal begins to be recorded. Phase 2: after recording a couple of seconds, the stand-up order is given and the subject begins the Si-St transition. Phase 3: once the subject finalizes the Si-St transition, it is recorded about 10 to 15 s. Phase 4: the sit down order is given and the subject begins St-Si transition. Once the subject finalizes the St-Si transition, another 10 to 15 s was recorded. This protocol was repeated five times in order to have five Si-St and five St-Si transitions.
Estimation of the absolute velocity and acceleration
Unlike the kinematic position information captured with optical movement detection systems [3] , an accelerometer will record the motion information associated with a local reference. This local reference is defined by the three accelerometer axes. Initially, the velocity cannot be calculated by integrating the acceleration signal, because the signal is refereed to a mobile reference. Despite that the information of accelerometry and kinematic position are comparable in terms of quality, it is necessary to have into account the relative orientation of the accelerometer with respect to the gravitational vector [23] . Therefore, to estimate the acceleration with respect to a fixed reference, an algorithm is required to transform the coordinates. In general, these kinds of algorithms estimate the gravity components into the accelerometer axes [24] . Figure 1 shows the experimental configuration of a subject that carries the smartphone in his/her trunk to record the movement. The sequence of the images show how to perform a St-Si transition with the combination a-b-c or the Si-St transition with the combination c-b-a. The device is placed on the patient's trunk and the accelerometer axes are oriented as shown in Fig. 1 . The x and z axes are disposed in the sp all the time. The acceleration signal is decomposed into the accelerometer axes when the device is recording. As the z axis of the accelerometer do not coincide with the horizontal direction, the accelerometer registered two terms: the acceleration of gravity (g) and the dynamic acceleration caused by the subject movement in the z direction. A similar situation occurs with the other two axes.
Generally, if the acceleration components are referred to, an inertial reference is more convenient, because these components can be linked to the v and h direction of a sp. Figure 2 shows the vectors used to determine the acceleration components in a fixed reference v and h. The vector a x belongs to the acceleration component of the x axis. This vector is tilted an α angle with respect to the vertical direction in the sp.
Knowing the α angle and the two-dimensional rotation matrix (1), the acceleration components of the fixed 
It is assumed that the acceleration components recorded in the mobile axes a x and a z have a constant component, 
Replacing Eqs. 2 and 3 in Eq. 1, the rotation matrix which defined the acceleration in the fixed reference h − v is achieved.
A singular case happens when the α angle is equal to zero, because the rotational matrix is simplified to the identity matrix. Therefore, the acceleration component at the x axis is constant and equal to g, while the acceleration component at the z axis is zero. To use Eq. 4, the transformation matrix components have to be known as a function of an instantaneous position. To do that, these components can be estimated by using a second degree polynomial in different signal segments or by using an averaging zero-phase FIR filter [25] . In this study, a low-pass filter, in particular a moving average filter with a Gaussian kernel, is applied to determine the transformation matrix components. The optimum value of the kernel's width is found when the error function is minimized. This function was applied to scan all the possible kernel's widths in a range of 0.5 to 10 s.
where a xg , a yg , and a zg are the constants of acceleration components registered in the axes x, y, and z, respectively, l is the length of the moving average filter with a Gaussian kernel, and N is the number of points to define the aforementioned components. If the output value of the error function is small, the estimation of the transformation matrix components can be assumed correct. Figure 3 presents three different curves: a patient with PD and two control subjects. The three curves have a minimum error at the time interval of 1.7 and 2.8 s of the kernel's width. The shape of the transformation matrix components depend on the kernel's width [26] , subsequently all the acceleration signals were analyzed by using a unique kernel's width of 2.0 s. Additionally, Table 1 shows the output errors of using this kernel's width for all analyzed patients and subjects. Figure 4 shows the acceleration signal during the Si-St transition of a patient with PD. The dashed line represents the acceleration component referred to the mobile reference z, while the continuous line represents the acceleration component referred to the fixed axis h, this acceleration is calculated from the Eq. 4. This acceleration component is equal to zero until the time that the patient begins to At that time, a small oscillation around zero is observed, probably due to the standing instability activity. The acceleration component referred to the mobile axis z shows some changes at the 6.5 s. These changes are related to the initial transition phase. At the time of 8.0 s, the α angle decreases and the mobile axis z moves around the horizontal axis h. Consequently, the behavior of both curves present a similar trend. Figure 5 shows the acceleration a h , velocity v h , and the displacement d h components referred to the fixed reference. The velocity and displacement signal are calculated from the straightforward integration of the acceleration signal. The velocity component presents a local maximum at 7.3 s and a local minimum at 8.3 s. The velocity is equal to zero when the time frame reach at 9.0 s, which means that the standing up and stabilization activity have finished. Additionally, a delay in the onset of the velocity component with respect to the acceleration is noticed. The position signal indicates that the Si-St transition has a maximum displacement of 40 cm in the horizontal direction, but at the end of the activity, the position is stabilized around 30 cm.
Results
Once the kinematic data is registered from all the control subjects and patients with PD, it is required to parameterize the Si-St and St-Si transitions. For this purpose, the horizontal components of velocity v h is chosen to classify the transition phases, because this parameter is easy to comprehend and dispose less noise than the acceleration parameter. Then, the activity transition can be categorized in two phases of movement, the initial phase (I P ) and the stabilization phase (SP ). The I P begins when the trunk is moving and gaining momentum to lift the buttocks off the chair. This initial activity increases the horizontal component of the velocity till a maximum value. Later, the trunk of the subject slows down until v h is zero, this particular activity defines the SP . Figure 6 shows the characteristic behavior of v h during a Si-St (Fig. 6a) or St-Si (Fig. 6b) transitions. It is also illustrated the kinematic parameters that define the movement patterns, such as the duration of the IP (t I P ), the duration of the SP (t SP ), the total duration of the transition (t m ), the maximum velocity (V max ), the minimum velocity (V min ), and the velocity ratio (VR), which is defined by the curve's slope that intersects the local maximum and minimum peaks of the velocity signal. The average values of the aforementioned parameter are listed on Table 1 .
The variation of t m depends on the physical conditions of subjects to do the activity. These conditions are inherent to each human being. All the studied subjects were asked to do the Si-St and St-Si transitions as fast as possible. Although the speed is relative and depends on how fast is each subject. For this reason, it is decided to estimate a dimensionless parameter to compare the kinematic signals. This parameter is defined by the quotient between t I P and t m and is named as the relative duration of the initial phase (t I P r ). The temporal parameters t I P , t SP , and t m are defined from a threshold value which is estimated as a fraction of the total area under the velocity curve. Initially, thresholds of 1, 2, and 5% of the total area were assessed as cutoff values without showing any significant difference in the results. Consequently, a threshold of 1% in both sides of the signal was assumed as the arbitrary cutoff value. In this manner, t I P is defined within the range of the area under the velocity curve equal to 1% until the velocity value is equal to 0. Whereas t m is defined within the range of the area under the velocity curve between 1 and 99%, which is the same than the addition of the duration of initial and stabilization phases (t I P + t SP ), as shown in Fig. 6a, b . Table 2 presents the median values of different kinematic parameters during the Si-St and St-Si transitions. A non-parametric test, the Mann-Whitney U test, is applied to compare the median between control and PD groups, where a p value of 0.05 is considered to be significant. The V min parameter for Si-St and the V max parameter for St-Si are marginally significant, due to the p values of 0.069 and 0.070, respectively. On the contrary, the parameter which define relative duration of the initial phase t I P r is statistically significant, because the p values are 0.006 and 0.011 for Si-St and St-Si transitions, respectively. The rest of the kinematic parameters do not show a statistical significance. Figure 7 shows a boxplot with the median and the quartiles of the t I P r parameter for Si-St and St-Si transitions. The difference between the control subjects and the patients with PD are presented in both activities. During the Si-St transition, the PD group takes relatively more time at the I P than in the SP . The contrary happens when the St-Si transition is analyzed.
Discussion
In this study, the acceleration signal recorded by the triaxial accelerometer presents a deviation from zero. This deviation is due to the accelerometer axes' inclination with respect to the gravity acceleration vector. Then, to estimate the acceleration respect to an absolute reference, it is necessary to use the transformation matrix. Previous studies have used this transformation method to convert the acceleration data recorded by a uniaxial [25] or triaxial [27] acelerometers. The inclination is calculated as a function of average of the instantaneous acceleration value. This average value is estimated by using a polynomial fit or a low-pass filter, as was done in the present manuscript. Particularly, a moving average low-pass filter was used with a kernel's width that was optimized in the time domain. The kernel's width affects the shape of the filtered signal, because of changing the peak amplitude of the acceleration signal [26] . Additionally, the optimum kernel's width that minimizes the error function is not the same for all the kinematic signals of the studied subjects. Although a unique kernel's width of 2.0 s was chosen to compare all the subjects. Nevertheless, the authors are aware that the present kinematic analysis is likely to change by using different kernel's widths, but that condition is expected to be addressed in future work. The acceleration component referred to an inertial system allows to define accurately the beginning of the Si-St transition. Firstly, the acceleration signal is approximately equal to zero because the subjects are not moving. Sometimes, the acceleration is different than zero due to the device is affected by the gravity. This means that the acceleration depends on the accelerometer inclination with respect to the gravity vector. In addition, it is more complex and less intuitive to define when the patient begins to move in a mobile reference as compared to an inertial reference. For this reason, it was necessary to define an acceleration threshold, in order to decide when the subject starts to move. To do that, a relative acceleration parameter is used as an index to define the beginning of the movement, the mobile reference will experience a certain delay with respect to inertial reference, as shown in Fig. 4 .
Similar to previous studies [3, 28] , the time duration of the Si-St and St-Si transitions do not show significant differences between patients with PD and control subjects. In this sense, the speed to perform these transitions depend on the subject, because the speed is relative to each person accordingly. In this work, a dimensionless parameter, like the relative duration of the initial phase t I P r , is found to differentiate small variations of the time to do the transition. This parameter presents a certain degree of independence with respect to the duration of the entire transition. During the Si-St transition, patients with PD show a higher value of t I P r . This situation can be explained with the greater trunk's flexion found in the patients with PD [3] . Furthermore, when the v h is nearly zero during the change from I P to SP , it is not associated with a simple motor activity [29] . Then, the t I P r variation by comparing different groups, as shown in Fig. 7 , is defined as a sequential alteration which is related to some diseases. In particular, diseases make the subject not capable of achieving sequential tasks. Moreover, the maximum value of v h during the Si-St transition and the minimum value of v h during the St-Si transition are both smaller in the patients with PD than in the control subjects, so no significant differences were found. Finally, the patients with PD present a smaller flexion in the hip and ankle dorsiflexion [30] . This could bring some difficulties to begin the Si-St transition and, ultimately, can lead to a lower v h and a higher t I P r .
The limitations and the future work of this research can be described in three research activities. Firstly, a larger sample of healthy subjects and Parkinson's patients is required to test the diagnostic capabilities of this novel method. To do that, a specific mobile phone app will be developed to record the signal data from the accelerometer and gyroscope, and subsequently, post-processing analysis will be carried out to assess kinematic features to discriminate signal features between PD and control subjects. The second limitation of this study is that the gyroscope signal was not recorded to validate or improve the proposed model with more complex kinematic features. For that reason, further studies should be performed in patients using the gyroscope signal of the smartphone in search of more discriminative features to be combined, like the one found by Raza et al. [31] and Kostikis et al. [32] . Raza and coworkers found that finger tremors of Parkinson's disease can be discriminated with an accuracy of 82.43% from other movement disorders by computing the signal recorded with a triaxial gyroscope. Kostikis and coworkers used the accelerometer and gyroscope signal to quantify a patient's upper limb tremor symptoms, subsequently they use machine learning algorithms to accurately classified 82% of the patients and 90% of the healthy subjects. Finally, a more accurate mathematical model is needed to be developed by implementing complex maneuvers and combining several kinematic features computed from the accelerometer and gyroscope signal, in order to help in differential diagnosis. Therefore, a machine learning algorithm will be proposed to distinguish between healthy and tremor subjects and, ultimately, to try to measure and classify the tremors type and severity (Table 3) .
Conclusions
A smartphone with a triaxial accelerometer was used to recorded acceleration signals. Later, these signals were analyzed to obtain several kinematic parameters that allows to characterize the Si-St and St-Si transitions. A numerical method is used to select the proper kernel's width of a moving average filter, in order to determine the gravitational constant components which affect the accelerometer axes while recording the Si-St and St-Si transitions.
The absolute velocity of the patient's trunk is estimated during the Si-St and St-Si transitions, when the acceleration signal was recorded by using an smartphone. A dimensionless index of time is successfully identified to characterize the Si-St and St-Si transitions, allowing to differentiate between PD patients and control subjects. 
